We describe a case of rat hermaphroditism with bilateral ovotestes. In a 7-week-old apparently male Sprague-Dawley rat, both testes were relatively small, and the right testis with a faint protrusion was somewhat round and small as compared with the left testis. Microscopically, the testes contained ovarian tissues within their tunica albugineas in conjunction with spermatogenesis in the seminiferous tubules. As bilateral changes, oocytes surrounded by granulosa-like cells were present in the seminiferous tubule-like germinal cord. Granulosa-like and Sertoli-like cells were layered together on the basal lamina, and theca interna-like cells were occasionally observed around the basal lamina. As unilateral changes, cystic dilatation of the germinal cords with eosinophilic fluid was seen in the lumen, and the theca interna-like cells appeared to be vacuolated. Immunohistochemically, the granulosa-like and Sertoli-like cells showed positive reactions for 3β-hydroxysteroid dehydrogenase (3β-HSD) and vimentin, respectively. Theca interna-like cells reacted positively to both 3β-HSD and cytochrome P-450 17α-hydroxylase. Ultrastructurally, the granulosa, Sertoli, and theca interna cells were also identified in the ovarian tissue. From these morphological characteristics, the male rat with bilateral ovotestes was diagnosed as true hermaphroditism.
INTRODUCTION
The development of phenotypic sex is a complex process dependent upon the differentiation of bipotential gonads into the testes or ovaries. Although the gonadal dysgenesis including testicular pseudohermaphroditism, ovarian pseudohermaphroditism, testicular feminization, and freemartinism have been reported in various laboratory animals, cases of true hermaphroditism are extremely rare in rats (1, 2, 4, 5) . In the nature and location of the gonads, according to King's nomenclature (5) , true hermaphroditism referred to as bilateral (testis and ovary or ovotestes on each side), unilateral (ovotestis on one side and testis or ovary on the other), or lateral existence (testis on one side and ovary on the other). Additionally, the ovotestis is defined as a single gonad containing both testicular and ovarian tissues. In the present work, we describe histopathological and immunohistochemical aspects of spontaneous true hermaphroditism diagnosed as being bilateral changes in an apparently male rat.
REPORT OF THE CASE
Five-week-old male Sprague-Dawley rats supplied by Charles River Japan Inc (Atugi, Japan) were housed at Asahi Kasei Co, Ltd (Sizuoka, Japan), and the rat concerned was randomly assigned to the vehicle control group for a 2-week repeated dose toxicity study. At necropsy, the animal (ages 7 weeks old) was sacrificed by exsanguination under ethyl ether anesthesia and the complete postmortem examination was performed. The major gonadal organs including the testes, epididymides, prostates, seminal vesicles, and coagulating glands were fixed in 10% phosphate-buffered formalin solution and embedded in paraffin. Tissue sections were routinely stained with hematoxylin and eosin (H-E), and additional sections of the gonads were subjected to periodic acid methenamine-silver (PAM) staining. For immunohistochemistry, primary antibodies such as rabbit anti-vimentin antibody (1: 25, DAKO Japan Co, Ltd, Japan), rabbit antitestosterone antibody (1: 50, Biomeda, CA, USA), mouse anti-α smooth muscle actin antibody (1: 400, SIGMA, USA) and mouse anti-proliferation cell nuclear antigen (PCNA) antibody (1:100, DAKO Japan Co, Ltd, Tokyo, Japan) were applied to the tissue sections and were subsequently stained by an avidin-biotin-complex immunoperoxidase method (Elite-ABC, Vector Laboratories, CA, USA). Enzymes involved in steroidogenesis, 3β-hydroxysteroid dehydrogenase (3β-HSD) and cytochrome P-450 17α-hydroxylase (P450c17), were stained by a streptoavidin-biotin-peroxidase complex method with the Histofine immunostaining system (Nichirei Co, Ltd, Tokyo, Japan) using previously reported antibodies (7, 8) . Each antibody was used to stain the following specified cells; vimentin for Sertoli cells (3), α smooth muscle actin for myoid cells (3), testosterone for Leydig cells (10), 3β-HSD for granulosa, theca interna and Leydig cells (8, 10) , and P450c17 for theca interna and Leydig cells (7, 10) . Negative controls were incubated in the absence of the respective primary antibodies. For electron microscopy, the testicular tissues fixed in 10% phosphate-buffered formalin solution were rinsed in 0.1 M phosphate buffer, postfixed in 1% osmium tetroxide solution and then embedded in epoxy resin. 290 0192-6233/03$3.00+$0.00 Vol. 31, No. 3, 2003 RAT TRUE HERMAPHRODITISM 291
Ultrathin sections were stained with uranyl acetate and lead citrate and examined by a transmission electron microscope.
As results of macroscopic examinations, both testes were relatively smaller than those of a native animal. The right testis with a faint protrusion was somewhat round and small as compared with the left testis deformed a bean-like shape. In addition, disarrangement of the testicular artery was observed ( Figure 1 ). The epididymides, prostates and seminal vesicles appeared to be atrophied, but the uterus, vagina, clitoris and persistent Mullerian duct did not exist in the rat (Table 1) .
Microscopically, both testes were composed of testicular tissues in most areas and ovarian tissues beneath the tunica albuginea (Figures 2a, b ). According to King's nomenclature (5) , therefore, the animal having ovotestes is diagnosed as bilateral hermaphroditism. Within the area of testicular tissue, the seminiferous tubules were lined by Sertoli cells and showed spermatogenesis, although atrophied tubules were also seen in the testicular tissue portion. In both ovotestes, the ovarian tissue was observed beneath the tunica albuginea, but ovarian interstitial tissue and corpora lutea were not seen (Figures 3a, b) . Moreover, the ovarian tissues resembled seminiferous tubules that were layered with dark spindle or columnar cells (granulosa-like cells) and light spindle cells (Sertoli-like cells) on the basal lamina. However, these 2 kinds of cells were not mixed individually in the layer. Although spermatogenic germ cells were not observed in the ovarian tubules, several oocytes were present in the lumen of the seminiferous tubule-like germinal cord and were surrounded by the granulosa-like cells. Eosinophilic elongated cells (theca interna-like cells) with cytoplasmic vacuoles were sometimes layered outside of the basal lamina (Figures 3b, 4) . A structure resembling a secondary follicle was noted only in the right ovotestis. It was separated from the testicular tissues by tiny collagen fibers, and Leydig cells were seldom seen in the area. Layers of granulosa-like cells surrounding the oocyte protruded into the lumen, which was dilated and filled with eosinophilic fluid (Figure 3b ). In PAM staining, reticular fibers were seen between the theca interna-like cells, but not observed between granulosa-like and Sertoli-like cells (Figure 4 ). Immunohistochemically, multilayered granulosa-like cells showed positive reactions for either 3β-HSD ( Figure 5a) or PCNA, and negative reactions for P450c17. Sertoli-like cells displayed positive reactions for vimentin ( Figure 5b) . Theca interna-like cells reacted positively to both 3β-HSD and P450c17 (Figures 5a, c) . Leydig cells exhibited positive reactions for 3β-HSD, P450c17, and testosterone. Myoid cells of the seminiferous tubules reacted positively to α smooth muscle actin, whereas they were not observed around the basal lamina of ovarian germinal cords.
Ultrastructurally, granulosa-like cells contained an indented nucleus with small accumulation of chromatin. They also had a considerable amount of granular endoplasmic reticulum, mitochondria with lamellar cristae, free ribosomes, and lipid droplets which were assembled within the cytoplasm (Figures 6a, b) . Sertoli-like cells were located adjacent to granulosa-like cells and possessed a large, pale and nicked nucleus. The cytoplasm of Sertoli-like cells comprised larger mitochondria, small clear vesicles, dilated smooth endoplas- mic reticulum and tight junction. The cytoplasm of the cells was interdigitated with adjacent cells (Figure 6b ). Myoid cells were seen around the basement membrane of intact seminiferous tubules, but not around the mixed germinal cords. The theca interna-like cells lined around the basal lamina showed a large pale nucleus, smooth endoplasmic reticulum, numerous mitochondria with tubulovesicular cristae and lipid droplets. The capillary vessels invaded between the theca interna-like cells (Figure 6c ).
From the aforementiond morphological aspects, granulosa-like cells, Sertoli-like cells and theca internalike cells were regarded as being granulosa, Sertoli and theca interna cells, respectively. The granulosa and theca interna cells were thought to show steroidogenesis and granulosa cells additionally demonstrated mitotic activity.
In bilateral hermaphroditism of rats, female genital tissues such as the uterus, vagina or clitoris are ordinarily seen (2, 4, 5) . In our case, these tissues did not exist, whereas epididymides, prostates and seminal vesicles were observed,
